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(54) NITRIDE SEMICONDUCTOR DEVICE AND MANUFACTURE THEREOF, AND LIGHT EMITTING ELEMENT 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor device 
having such a structure that an electrode can be extracted mainly from the 
upper and lower parts, by bonding a conductive substrate to the face of a 
nitride semiconductor layer of a wafer which is an insulating substrate grown 
with the nitride semiconductor n-type layer and a p-type layer, and then 
removing a part or the whole part of the insulating substrate of the wafer. 
SOLUTION: On the nearly entire surface of a p-type layer in the most upper 
layer of a nitride semiconductor layer 2, a first ohmic electrode 30 which can 
come into a good ohmic contact with the p-type layer is formed. On the 
surface of a p-type GaAs substrate 50 as a conductive substrate, a second 
ohmic electrode 40 which is made of Au-Zn is formed, Next, a nitride 
semicondutor wafer having the first ohmic electrode 30, and the p-type 
GaAs substrate 50 having the second ohmic electrode 40, are laminated to 
each other by the ohmic electrodes and are heated to be bonded, 
Thereafter, the wafer bonded with the p-type GaAs substrate 50 is set in a 
polisher, and then a sapphire substrate 1 is lapped to remove the sapphire 
substrate and expose an n-type layer 21 of the nitride semiconductor layer 
2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ========== 

[Claim 1] The manufacture method of the nitride semiconductor device characterized by to have the first process which 
pastes up a conductive substrate on the nitride semiconductor stratification plane of the wafer with which n type layer which 
consists of a nitride semiconductor, and p type layer grew, and the second process at which a part or all of the insulating 
substrate of the aforementioned wafer is removed, and the aforementioned n type layer is exposed after conductive 
substrate adhesion on an insulating substrate. 

[Claim 2] the layer in which current cannot spread [ the aforementioned p type layer ] easily — it is — the aforementioned n 
type layer — low — the manufacture method of the nitride semiconductor device according to claim 1 characterized by 
being n type layer [ **** ] 

[Claim 3] The manufacture method of the claim 1 characterized by pasting up a nitride semiconductor stratification plane and 
a conductive substrate through an electrode or a conductive material in the first process of the above, or a nitride 
semiconductor device given in two. 

[Claim 4] The manufacture method of the nitride semiconductor device according to claim 3 characterized by including the 
ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face on which the aforementioned 
electrode was formed in the nitride semiconductor stratification plane. 

[Claim 5] The manufacture method of a nitride semiconductor device according to claim 1 to 4 that the aforementioned 
nitride semiconductor stratification plane is characterized by being the aforementioned p type layer. 

[Claim 6] A conductive substrate and the nitride semiconductor device which a nitride semiconductor comes to paste up on 
it and is characterized by the best layer of this nitride semiconductor being n type layer. 

[Claim 7] The nitride semiconductor device according to claim 6 to which the aforementioned nitride semiconductor is 
characterized by having p type layer. 

[Claim 8] The claim 6 to which the nitride semiconductor stratification plane which the aforementioned nitride semiconductor 
and the aforementioned conductive substrate paste up is characterized by being the aforementioned p type layer, or a nitride 
semiconductor device given in seven. 

[Claim 9] The nitride semiconductor device according to claim 6 to 8 to which the aforementioned nitride semiconductor and 
the aforementioned conductive substrate are characterized by having pasted up through an electrode and/or a conductive 
material. 

[Claim 10] The nitride semiconductor device according to claim 9 characterized by the aforementioned electrode containing 
the ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face which were formed in the 
nitride semiconductor front face. 

[Claim 1 1] The nitride semiconductor device according to claim 9 or 10 to which the nitride semiconductor stratification 
plane which pastes up the aforementioned conductive substrate is the aforementioned p type layer, and the aforementioned 
electrode and/or conductive material are characterized by the thing of p type layer currently mostly formed in the whole 
surface. 

[Claim 12] The light emitting device which is a light emitting device using the nitride semiconductor which the conductive 
substrate according to claim 6 to 1 1 pasted up, and a partial electrode is prepared in n type layer of the aforementioned best 
layer, and is characterized by the bird clapper. 

[Claim 1 3] The light emitting device which is a light emitting device using the nitride semiconductor which the conductive 
substrate according to claim 9 to 1 1 pasted up, or a light emitting device according to claim 1 2, and is characterized by the 
ability of the aforementioned electrode and/or a conductive material to reflect the luminescence wavelength of a nitride 
semiconductor. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the element which consists of a nitride semiconductor (InXAlYGa1-X-YN, 0 
<=X, 0<=Y, X+Y<=1) used for light-receiving devices, such as luminescence devices, such as light emitting diode and laser 
diode, or a photodiode. 
[0002] 

[Description of the Prior Art] Since a nitride semiconductor has the bandgap energy to 1.9eV - 6.0eV, it is observed as 
various objects for semiconductor devices, such as a light emitting device and a photo detector, and blue Light Emitting 
Diode using this material and the bluish green color Light Emitting Diode were just put in practical use recently. 
[0003] Generally a nitride semiconductor device is obtained using vapor growths, such as MBE and MO VPE, by carrying out 
laminating growth of the nitride semiconductor which specified the conductivity type to n type, p type, or i type on the 
substrate. Although it is known that conductive substrates, such as silicon carbide besides insulating substrates, such as 
sapphire, a spinel, a lithium niobate, and gallium acid neodium, silicon, a zinc oxide, and gallium arsenide, can be used for a 
substrate The substrate which carries out grid acjjustment completely with a nitride semiconductor is not yet developed, but 
the blue which now grew up the nitride semiconductor layer compulsorily on the sapphire with which lattice constants differ 
10% or more, and the bluish green color Light Emitting Diode element are put in practical use. 

[0004] Drawing 6 is the typical cross section showing the structure of the conventional blue Light Emitting Diode element 
The conventional Light Emitting Diode element has terrorism structure to the double by which the laminating of n type layer 
62 and the barrier layer 63 which consist of a nitride semiconductor on silicon on sapphire 61 fundamentally, and the p type 
layer 64 was carried out to order. As mentioned above, since sapphire is insulation and cannot take out an electrode from a 
substrate side, it considers as the so-called element of the flip chip method with which the positive electrode 65 and the 
negative electrode 66 were formed in the same nitride semiconductor layer front face. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there are many troubles in the element of the conventional flip chip 
method which uses sapphire as a substrate. Probably, in order to take out both electrodes from the same side side in the 
first place, a chip size becomes large and much chips are not obtained from a wafer by it. Since the negative electrode and 
the positive electrode are horizontally located in a line, current flows horizontally, as a result, current density becomes high 
locally, and a chip generates heat [ second ]. Since a substrate which is called sapphire and which is very hard and does not 
have cleavage nature is used [ third ], advanced technology is needed for chip-izing. Since the cleavage plane of a nitride 
semiconductor which used the cleavage nature of a substrate is not made with a resonance side in case it is furthermore 
going to realize LD, formation of a resonance side is very difficult 

[0006] Although the attempt which grows a nitride semiconductor as mentioned above on conductive substrates, such as 
silicon carbide, silicon, a zinc oxide, gallium arsenide, and gallium phosphorus, is also accomplished in order to avoid the 
above problems, the report of having still succeeded is not carried out 

[0007] Therefore, this invention is accomplished in view of such a situation, and the place made into the purpose is to offer 
the manufacture method of the nitride semiconductor device which has the structure which can take out an electrode mainly 
from the upper and lower sides, and a nitride semiconductor device. 
[0008] 

[Means for Solving the Problem] The manufacture method of the nitride semiconductor device of this invention is 
characterized by to have the first process which pastes up a conductive substrate on the nitride semiconductor stratification 
plane of the wafer with which n type layer which consists of a nitride semiconductor, and p type layer grew, and the second 
process at which a part or all of the insulating substrate of the aforementioned wafer is removed, and the aforementioned n 
type layer is exposed after conductive substrate adhesion on an insulating substrate. Moreover, with a conductive substrate, 
a nitride semiconductor comes to paste up on it and the nitride semiconductor device of this invention is characterized by 
the best layer of this nitride semiconductor being n type layer. 

[0009] In the method of this invention, sapphire, a spinel, a lithium niobate, gallium acid neodium, etc. are used for an 
insulating substrate as mentioned above, and sapphire and the nitride semiconductor which grew on the spinel are preferably 
excellent in crystallinity. On the other hand, if it is the substrate material which has conductivity, what thing may be used, for 
example, Si, SiC, GaAs, GaP and InP, ZnSe, ZnS, ZnO, etc. can be used for the conductive substrate pasted up on a nitride 
semiconductor. However, a conductive substrate cannot be overemphasized by choosing the substrate of the shape of a 
wafer which has the almost same configuration as the insulating substrate to which the laminating of the nitride 
semiconductor was carried out, and has a bigger area than the further almost same area or it. 

[0010] On the other hand, in order to remove the insulating substrate of the wafer with which the laminating of the nitride 
semiconductor layer was carried out, technology, such as polish and etching, is used. Usually, there is hundreds of 
micrometers thickness of an insulating substrate, since a nitride semiconductor layer is 20 micrometers or less even if thick, 
in case polish removes a substrate, when it is hard to control ******, a rough portion may be removed by polish at first, a 
fine portion may be removed by etching after that, and the nitride semiconductor side needed for forming an electrode may 
be exposed. Moreover, when producing the element which uses an insulator as a current constriction layer and needs it for a 
nitride semiconductor layer front face, for example like a laser element, it is also possible to remove only a portion required 
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to expose a nitride semiconductor layer by selective etching, without removing al! insulating substrates. 
[001 1] Furthermore, the conductive substrate pasted up on a nitride semiconductor layer in the method and element of this 
invention is characterized by having cleavage nature. GaAs, GaP, InP, SiC, etc. can be preferably used for the conductive 
substrate which has this cleavage nature. 

[0012] Next, the method and element of this invention are characterized by pasting up a nitride semiconductor stratification 
plane and a conductive substrate through an electrode or a conductive material. Even if this method uses the substrate 
which has cleavage nature in a conductive substrate, it is applicable similarly. Although the so-called technique of the wafer 
adhesion which carries out thermocompression bonding may be used for it after making these mirror planes rival in the 
method of pasting up by making the adhesion side and nitride semiconductor stratification plane of a conductive substrate 
into a mirror plane, it can paste up easily by minding an electrode or a conductive material. If conductive material is a nitride 
semiconductor and the material which can paste up a conductive substrate, what thing is sufficient as them, for example, 
they can use material, such as In, Au, a pewter, and a silver paste. 

[0013] Moreover, in the aforementioned adhesion technique, it is characterized by an electrode containing the ohmic 
electrode formed in the ohmic electrode and/or the conductive substrate front face which were formed in the nitride 
semiconductor layer front face. In addition, with an ohmic electrode, it is defined as an ohmic electrode on these 
specifications including metals, such as the metal for thick adhesion of the thickness attached on the thin ohmic electrode 
and electrode of the thickness generally formed in a nitride semiconductor front face, for example, Au, In, aluminum, etc. As 
an ohmic electrode material formed in a nitride semiconductor layer front face, if n type layer is an adhesion side, a kind of 
material of aluminum, Cr(s), Ti, and In(s) which were shown in JP.5-291621.A, the electrode which made Ti especially the 
side which touches n type layer preferably, and the material containing Ti-aluminum shown in JP,7-45867,A can be 
mentioned at least Moreover, if an adhesion side is p type layer, a kind of material of Au(s), Pt(s), Ag, and nickel which were 
similarly shown in JP,5-291621,A, and the electrode which made nickel especially the side which touches p type layer 
preferably can be mentioned at least 

[0014] A nitride semiconductor is performed, in order for p type layer to be hard to be obtained and to obtain p type layer, 
for example, after electron beam irradiation which is indicated by JP,3-218625,A, and thermal annealing processing which is 
indicated by JP,5-183189,A growing, and p type layer on the front face of the maximum is formed into low resistance. For 
this reason, as for the nitride semiconductor wafer, the best layer is p type layer in many cases. Then, in case this nitride 
semiconductor wafer and a conductive substrate are pasted up, especially the thing for which a conductive p type substrate 
is pasted up through the ohmic electrode formed in p type layer is desirable. 

[0015] On the other hand, if for example, a conductive substrate is n type GaAs as an ohmic electrode already formed in the 
conductive substrate of one of the two's adhesion side, Ag-Sn, In-Sn, nickel-Sn, Au-Sn, Au-Si, Au-germanium, etc. can be 
used, and if it is p type GaAs, Au-Zn, Ag-Zn, Ag-In, etc. can be used. In addition, although an ohmic electrode material well- 
known also about SiC and Si can be used, especially the thing for which a conductive p type substrate is pasted up through 
the ohmic electrode of the conductive substrate as mentioned above is desirable. 
[0016] 

[Function] With the method and element of this invention, the conductive substrate is pasted up on the nitride 
semiconductor layer. That is, although the various elements from which a nitride semiconductor is obtained from a nitride 
semiconductor with the wafer which grew on the insulating substrate cannot but serve as flip chip form, they serve as a 
substrate in which a conductive substrate forms an electrode by pasting up a conductive substrate on the nitride 
semiconductor layer of the wafer best layer. Then, since a nitride semiconductor layer will be exposed if an insulating 
substrate is removed, another electrode can be formed in the exposed nitride semiconductor stratification plane, and not the 
element with which an electrode like before was horizontally located in a line but the element which the mutual electrode 
countered can be produced. 

[0017] Next, if the material which has cleavage nature in the conductive substrate to paste up is chosen, the nitride 
semiconductor which grew on the insulating substrate without cleavage nature can also divide in the shape of a chip using 
the cleavage nature of the pasted-up conductive substrate. For this reason, the small element of a chip size becomes is 
easy to be obtained, and the laser element which makes the cleavage plane of a nitride semiconductor an optical resonance 
side further can be produced now. 

[0018] moreover, although there is also the method of a nitride semiconductor stratification plane and a conductive substrate 
being the technology generally called wafer adhesion, and pasting up, it is desirable in order to also stabilize the electrical 
property between a conductive substrate and a nitride semiconductor layer, if it pastes up through the electrode of a nitride 
semiconductor layer, the electrode of a conductive substrate, or a conductive material especially When choosing the material 
which can furthermore reflect the luminescence wavelength of nitride semiconductors, such as Au, aluminum, and Ag, as this 
conductive material and a light emitting device is produced, the light which comes to the conductive substrate which such 
conductive material pasted up is reflected, and since there is an operation returned to a nitride semiconductor layer side, the 
luminous efficiency of a light emitting device improves. 

[0019] If the ohmic electrode formed in the ohmic electrode and/or the conductive substrate front face which were formed 
in the nitride semiconductor layer front face especially as a charge of a binder is included, when a luminescence device like a 
light emitting device will be produced, for example, resistance becomes low and there is an operation which reduces Vf of a 
device. 
[0020] 

[Example] Hereafter, this invention is explained in full detail in the example. Drawing 1 or drawing 3 is a wafer explaining one 
process of the method of this invention, and the typical cross section of a conductive substrate, and drawing 4 is the typical 
cross section showing the structure of the nitride semiconductor light emitting device obtained according to the example 1, 
and describes an example 1 below based on these drawings. 

[0021] The nitride semiconductor layer 2 prepares for the front face of [example 1] silicon on sapphire 1 the wafer by which 
the laminating was carried out In addition, the nitride semiconductor layer 2 has terrorism structure to the double which has 
at least n type layer 21 which consists of AIXGa1-XN (0<=X<=1) by which the donor impurity was doped sequentially from 
silicon on sapphire 1, the barrier layer 22 which consists of InYGal-YN (0< Y<1), and p type layer 23 which consists of 
AIXGa1~XN (0<=X<=1) by which acceptor impurity was doped. In addition, p type layer 23 of the best layer is formed into low 
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resistance by annealing 400 degrees C or more. 

[0022] Next, as shown in drawing 1 , the ohmic electrode 30 of the front face of the nitride semiconductor layer 2 which 
contains nickel and Au on the whole surface is mostly formed by 500A thickness. That is, the first ohmic electrode 30 from 
which as desirable on the whole surface OMIKKU of p type layer of the best layer of the nitride semiconductor layer 2 as p 
type layer is obtained mostly is formed, in order are furthermore alike on the ohmic electrode 30 and to improve an adhesive 
property, 0.1 micrometers of Au thin films are formed 

[0023] The p type GaAs substrate 50 which, on the other hand, has the almost same size as silicon on sapphire 1 as a 
conductive substrate is prepared, and the second ohmic electrode 40 which consists of Au-Zn is formed in the front face of 
this p type GaAs substrate 50 by 500A thickness. In order to improve an adhesive property on the second ohmic electrode 
40 furthermore, 0.1 micrometers of Au thin films are formed. 

[0024] Next, the ohmic electrodes of the nitride semiconductor wafer which has the first ohmic electrode 30 as shown in 
drawing 2 , and the p type GaAs substrate 50 which has the second ohmic electrode 40 are stuck by pressure by lamination 
and heating. However, it is made to become parallel [ the silicon on sapphire 1 of a wafer, and the p type GaAs substrate 50 ] 
at the time of sticking by pressure. It is because the level surface of the nitride semiconductor layer exposed does not come 
out in the process which removes the following silicon on sapphire unless it is parallel. Moreover, although Au was used in 
order to paste up the first ohmic electrode 30 and the second ohmic electrode 40, it is also possible to paste up through 
conductive material, such as an indium, tin, a pewter, and a silver paste, among electrodes 30 and 40. In addition, in case the 
p type GaAs substrate 50 is pasted up, doubling the direction of a cleavage with a substrate 50 with the cleavage nature of a 
nitride semiconductor layer, and having pasted up cannot be overemphasized. 

[0025] Next, the wafer on which the p type GaAs substrate 50 was pasted up is installed in the burnisher, silicon on sapphire 
1 is wrapped, silicon on sapphire is removed, and n type layer 21 of the nitride semiconductor layer 2 is exposed. In addition, 
after wrapping silicon on sapphire 1 so that the thickness of about several micrometers may remain, it is [ in / this process ] 
also possible to remove the silicon on sapphire which remained further by etching. The structure of the wafer after silicon- 
on-sapphire 1 removal is shown in drawing 3 . 

[0026] n type layer after polishing the front face of n type layer 21 exposed at the end — ohmic one — the negative 
electrode 25 which consists of Ti-aluminum as an electrode of business is formed, and the positive electrode 55 which 
consists of Au-Zn as an ohmic electrode as well as the p type GaAs substrate 50 on the other hand is formed in the whole 
surface 

[0027] The wafer with which the positive electrode and the negative electrode were formed as mentioned above is divided 
into the luminescence chip of 200-micrometer angle using the cleavage nature of a p type GaAs substrate. The typical cross 
section showing the structure of the luminescence chip after separation is shown in drawing 4 . By energizing between an 
electrode 25 and 55, this luminescence chip shows the structure of a Light Emitting Diode element where a barrier layer 22 
emits light Since it was reflected by the interface of the first ohmic electrode 30 and p type layer 23 and, as for this light 
emitting device, luminescence of a barrier layer 22 was not absorbed by the p type GaAs substrate 50, compared with the 
conventional light emitting device, the radiant power output increased 50% or more. 

[0028] Moreover, although sapphire and the conductive substrate explained p type GaAs, they may use an insulating 
substrate like a spinel and neodium gallate described above besides sapphire to the insulating substrate, for example, and as 
for this example, an insulating substrate may use a substrate like Si and ZnO for a conductive substrate. 
[0029] In case silicon on sapphire 1 is wrapped in the [example 2] example 1, it wraps so that it may remain by the thickness 
whose silicon on sapphire 1 is 5 micrometers. Next, the mask of the configuration which can form a current constriction layer 
in the front face of the silicon on sapphire 1 which remained is formed, etching removes the silicon on sapphire 1 of mask 
opening by the etching system, and a part of n type layer 21 is exposed. A positive electrode 55 is formed in n type layer like 
the exposure back at a negative electrode 25 and the p type GaAs substrate 50. 

[0030] Next, using the cleavage nature of the p type GaAs substrate 50, it dissociates in the shape of a chip, and considers 
as a laser element. Drawing 5 is the typical cross section showing the structure of the laser element, and the silicon on 
sapphire 1 which it left intentionally is acting as a current constriction layer of a laser element. Although this example 
showed the example which leaves silicon on sapphire as a current constriction layer, in addition after it all removes silicon on 
sapphire 1 like an example 1 to form the current constriction layer of a laser element, you may form it on the nitride 
semiconductor layer which exposed an insulator layer like Si02 and Ti02, for example. 
[0031] 

[Effect of the Invention] Since the nitride semiconductor device which has a conductive substrate is realizable according to 
the method of this invention as explained above, the small element of a chip size can be offered. Moreover, since the 
electrodes formed in the element have countered, current flows uniformly in a nitride semiconductor layer, calorific value 
becomes small and it also becomes possible to realize a laser element The cleavage of a nitride semiconductor becomes 
possible still more easily, and since the cleavage plane is made with a resonator, production of a laser element becomes 
easy. If a luminescence device is realized further again, since luminescence of a nitride semiconductor layer will be reflected 
on an electrode front face by the electrode which pasted up the nitride semiconductor layer and the conductive substrate, a 
radiant power output can also be increased. 

[0032] As the conventional nitride semiconductor Light Emitting Diode was shown in drawing 6 , the positive electrode 65 of 
the front face of p type layer 64 which penetrates light was mostly formed in the whole surface. This is because the current 
of p type layer cannot spread easily. 50% or more of the light which emits light by this positive electrode 65 was absorbed, 
however, according to the element of this invention, it is shown in drawing 4 and drawing 5 — as — low — since n type layer 
[ **** ] 21 turns into the best layer, it becomes unnecessary to prepare a whole surface electrode like before, and is good at 
a small partial electrode Therefore, the ejection efficiency of the light from a nitride semiconductor layer side improves by 
leaps and bounds, and a radiant power output improves. Thus, when this invention realizes the device which used the nitride 
semiconductor, the utility value on industry is very large. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1 ] The type section view of the nitride semiconductor wafer explaining one process of the method of this invention. 
[Drawing 2] The type section view of the nitride semiconductor wafer explaining one process of the method of this invention. 
[Drawing 3] The type section view of the nitride semiconductor wafer explaining one process of the method of this invention. 
[Drawing 4] The type section view showing the structure of the nitride semiconductor device concerning one example of this 
invention. 

[Drawing 5] The type section view showing the structure of the nitride semiconductor device concerning other examples of 
this invention. 

[Drawing 6] The type section view showing the structure of the conventional nitride semiconductor light emitting device. 
[Description of Notations] 

1 .... Silicon on sapphire 

2 .... Nitride semiconductor layer 

21 .... n type layer 

22 .... Barrier layer 

23 .... p type layer 

30 .... First ohmic electrode 
40 .... Second ohmic electrode 
50 .... p type GaAs substrate 
25 .... Negative electrode 
55 .... Positive electrode 



[Translation done.] 



http://www4.ipdl jpo.gojp/cgi-bin/tran,web_cgi_e]ie 



03/08/27 



(19)B#Pft|W (JP) 



& m & » & « ^) 



#^§2000 - 277804 
(P2000 - 277804A) 
(43)^H0 W12^10^6B(2000.10.6) 



(51)IntCl. 7 
H0 1L 33/00 
31/10 

HOIS 5/042 
5/323 



6 1 0 



F I 

H 0 1 L 33/00 
HOIS 5/042 
5/323 
H0 1L 31/10 



f-73-r(##) 



6 10 



* IM&B<Z>ttl3 OL (i6l) 



(21)HJH## 


WH2000 -67673( P2000- 67673) 


(71)tiilBA 


000226057 


(62)#§!l<B^ 


*HB¥7-148470©#«3 






(22)ffiBB 


¥fS7*F6)il5B (1995.6. 15) 




®aiapEjffim±*0Tra49issfiioo 






(72)5S9i# 





















(54) Sfl:«l¥J»«:*^(OK3fc&S2fe^S{k«I*W^*^ aK«C»#*F 



(57) [gifo] 

«MlH»M;?<DH&#tt. *5j:c««fc«M|yiM*«-T-*ll 




nStJBi. pSJB£#J£B3ftfc9*w>©S{t&¥ei 

»*»si/rfflnBnss»*aiins*aji!r©xai*fli 
[ m^m 2 3 Mia p Mm&mmvmw OK<nit*o 

T. fliTBnSMB*HSJBKftnOTr*ac 

i mtoemit&vmttwmm-fm. io 
H£***tt««£4*ffi. x«*«tt*m*^i/t:«« 

he tzftmttznim 1 7iS4i2is©g<b^¥is<* 20 
aaisn-ctto. 8aai<ti!i*aw*©«±ii*inawir* 

»3ft*«{BftaNWttlH#. BtliepMli-C^SCi* 

«*±rsiiw»i6. x» 7 &m<Dmim¥-m&m*. 

SlfJjSg 6 TbM 8 I2ig©g{ WMKaWt** . 

[fSjjosi o] mrs2*ffi#t. ^b^^^fficcjgtss 

l#f4#. p 3?E©t3:«±ffiK:j&£<*ftTt,>£ C £*#* 

[uraas 1 2 3 M$gi 6 nm. 1 1 {cistso«mi4a«*5 

^Sftfc^M^tttfcJB^fcf^fc^rifcoT. ft 
i2*±»©nM®«:. 8P#«Wi#ig:tt6ftrft.&c£* 

[»*3B 1 3 ] »SOB9 7iM 1 1 (CiBO©3IWtta«0« 

iBmonmumi] so 



^2000-277804 
2 

[0 00 1 3 

*K«WBSft*mt«M|yiW* < I n» A 1 , 
Ga,.,.,N, OSx. 0^Y. X+YS 1 ) XiJftZm* 

[0002] 

;M?-#1. 9eV~6. 0 e V£r;£>£©-Cl£:5fcJg 

-Cte<3. «ifiC©tm*fflC>fc«feLED. tifeLE 

[0 0 0 3 3 -«Ka{b«l*aW*3RT-BM BE. MOV 
PE*OSWBiaEfiffi*«l,>-C. **□:«: nffl. pK&£ 

3t!--2>C£ttJ:oTf#6ft&. i«ICtt{«|illW7r^ 
7, Xtf*->k J*. tfKCAgf*:*^ 

A^©»i^14«®©ffi. {SHbWJg. i"J3>, ffifbS 
IS. # U $ ABBIW©»«4»«*J«ffl-C * S C £ aWffl 

rt>&. 

[000 43 06 «g£#©#feL E Dm+OWMZm? 
SliC»%»rSia-C**. ft*©LEDJBT-«. S^lflK: 
D-7 7-f7i«6 l©±{c»b»**#J:Oa*nfflJl 
6 2 £?Sffll 6 3 £ p Si® 6 4 £ #Ji(CgJg § ft ft: ?7 

ji^-rummmbxm. BiFiB©<t^K:-y-7T 
«»ttr * o iw o m? c £ # ft t » 

or. R-tt{t4ff¥j||fM«9K:iE«ae5&J|«S6 
6 £ *JRW ^toKD^7 9 ?9 9 T 1 ^©^ 

£3nri^„ 

[00053 

imi&MVib.k'ib-rzgm] L*>Lft*s6, t?? 
^©pm*****. *r^-(c. i§i-Efffl*^^© 

S®?rm 0 tmcsb? ^ W XA^* < ft 0 £»©?• 

ft. ^©ifemm?iiEffis^si5e t )tci^< ft <j f- 9 

-Ti. f=Kt7 7-r7it,^#S(cS<. it^1£©ft 

i»SS5:ffifflLri,^©-r. *9-7itlrz><DKMmutk 

xz%:^<Dx&mm®Bj8.&#mcmMx$>z,. 

[0 0 0 6 3 feLh©«fc ^ftWSl*lljS-re/cJt). ±12© 

fiSS-rsK*fcfiSSftrt,>s*s. *^es«ji//c£i,^« 



3 

[0 00 7 ] S£oT*»M»COJ:9ft*«*«*jEdES 
[0008] 

[iili^«*T^/c^cD^©] *^®£{b«^3K*X 

^•Bi^ffiB, mmmiR<D±tc> mtm^mw^h 

ll}IB^*-^©»B*»tt»R©--», Xtt 
±«p*i»* mna n MJI SrggtH S # i * 

[0009] iteiKttSfiic«BJ 
^■^A^^^^Afj&m^n, »io<i»7 7 20 
ec«rri>*. --ft. mtm^mmcim-rzmn&m 

©rfc&<, 0J*«S i, SiC, GaAs, GaP, 
InP, ZnSe, ZnS, ZnOf»SCi^t 

[ooio] -75r, ^t«j**ftB3&smii £ n/c * * - 30 

Wficc«fc»)»«*l»*'r*IS«:WB«^»j|BiLCc< 

Witt«R*rtl»*tt-f«:, iitKx**>^c<fc9g 40 
ib^^Ji^^a^ii^cDcc^s^gi^o^^^-r 

[ooi i ] s e^RMo^rttacxjR^ii^r. & 
{b«¥3M*nccs*r sa»«4a«tt«Htt*wr * c 

«*tfGaAs, GaP, InP. S iCf^K 

[0012] &(£*3m<Dxm&umwtmim^» 



«SB2 00 0-2 7 7 8 04 
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<, main, au % «^-xh^©tm* 

[00 13] *fcBfffiS»*ffi«c*jc»r. KS»ttfb4ll 

tfWA««F«¥5 - 2 9 1 6 2 1 *aHKSSnfcA 
U Cr, Ti, In OfoO&tj: < 4 fe— » 
(c(f * L < ttT i *naii8jt SHIi Ofc«S, *fc 
«M 3 P7-45 8 6 7#a«CC^3nfeT i-Al^g 

tltfHD<»B¥5--2 9-l 6 2 1 J|fi»K:S*3*ifc A 
u, Pt, A fir, N i <Dfo<D'J>te< m<Dtm, *J 

[0014] 3fb»¥3W*tt p 5M#f#6ftfc < < % p 
S!II*»*fc«)«iL«WB!¥3 - 2 1 8 6 2 bn&mc 

mKZtizxsftn+tmms ^/cW5-i83i 
8 9 ^mcmnk stizj: *) ttimr y > trtmufi 
«w««c!ft>*i. *«ffiopaf»^fifitS{bsn-5. c 
©fca&afb^awts * -^tt*-L»# p ss»tc & o x 
i>*ci^. *cr, c©aE{bW*aK*^*-^i 

[0015] 4> 5 jt*©S»ffi©»«tt»«(CJB 

GaAstihtf, Ag-Sn, In-Sn, Ni-S 
n, Au-Sn, Au-Si, Au-Ge?^ffll^C 
&3Wr#, pIGaAstW, Au-Zn, Ag- 
Zn, Ag- I nSftflJOSC ^OffeS i 

C, S i9fc-3t>TfcfiiO©*-5 **«*t#B*fl!t* 

[00 16] 

[ff«] *»M©^Stf*^r»»bW^W*JB*c# 



(4) 

5 

o n h ti & ?v*j7*v y'Biz t a 6 <r s * 

asifts. tfiffi^£«l»£?*£a{b«¥ 
aWeJB^Bfflrsor, KHJ0fc»b1»¥a»ttJlffitcfc 

tern** rmr s c £ **c * 4 . 
[ooi7] wcmmrzmn&mmtmm&o&zw io 

3e>tCC(D«mtt«f4iOTAu, Al, Ag 

^»b»^ft©a*»fi*s»-c# stm* wrr 

[0019] «K»#*«4£ l/T, S{bft¥*fM$9 
[0 02 0 ] 

[HSfiPJ] ar, n««r*«w*»»r*. M 1 
0 3 WKr & * -^s^3S 

«ttWR©8EKWtcKBSHr*0, H4BJGtt0llfcj: 
[0 02 1 ] [Xfltfll ] t7y YrSKlOMRCfl! 40 

wtto¥m#m 2 bu-? r -f 1 a^iwc f*-* 

leU^F-^SnfcA lxGal-XN (O^X^ 1 ) 
ft*nS!JB2 1<fc, I nYGal-YN (0<Y< 1 ) £0 
&ar£tt»2 2<fc k r^^^WF-^^/c 
A 1 XGal-XN (0 ^X^ 1 ) pMI2 3 <t£ 

IUL10pSi2 3B4 0 0*CJ£(±©r--y>^CCj: 

t)fiaaa^b3nrc^ 0 

[0 0 2 2 ] *CCH 1 tc^r d: 5 ccgfb^^IWI 2 <D 50 



^200 0-2 77 804 
6 

^ffi©««^ffitCN i £Au£^fr:t-^ ? *^ffi3 0 

im^mwm 2 <d&±jio p gyiotsH ±wk pmi^ 

l»tt*ft<T4fc&<CAuMR*0. UuiMf 

6. 

1 £««HD:**3*«rspssGaAs»R5 ozm 

Mb, C©pSGaAslfi5 0©ai{CAu-Zn<l: 
9 & -531— ©+--5 » *^g4 0£5 00t>^hn 

S4 0<O±«caS«tt*ll<'S-SA:ACCAuaiil*0. 1 

[0 0 2 4] ^CC, B2*C7jVr<fc5CC#— *2 
WI30t»fiWI**i»'>*-^i l 
5- 9 ^li4 0 pMG a A s IS5 0 i^- 

U EfB?^ x - not 7 7 >f Tlffi 1 i P iG a A s 
MESOiBWiftSct^CC-r*. WCttC»i^O 

5 * ^m@3 0 ±sr-©*- 5 * ^m^4 0 ±zm 

«S-**:»«:Au*«fflbfc3W, CCDftfemfi83 0 i4 0 

tt*t»*^u-c«ar-r&c<bt?jifiT*&. wpig 

aAsIS50 *a»-r *RCcS{b#tf^tt»®fSBBtt 

4. »K5 0io«ii*rtit**>*r«li/r*6ci 
BS9*rtttl>. 

[0 0 2 5 ] «pIGaAsIS5 0^fUc)* 

(DnMJI2 l£ggtti3i*£ 0 ttteCOISCCfo^T, #1 
7 7 Tlfi 1 «:» a* mfigOJli* jWS* <£5&c 

c 1 x - »<omj&z® 3 cc^-r. 

[0 02 6] *«CCBmLyfcnSlJB2 1©IM^»J^ 
nSW«c*-5 v^»©«liiL-CT i - 
Al<fc0ttSfiWi2 5«:MU -SpSGaAsi. 
«5 0«CBHID<*-5 ^li(!:UAu-ZnJ;«3 

[0 0 2 7 ] «±<0£ 5 0"CiEmS*jJ:^mS*^ 
fiRSttfc**-^*, pSGaAsa«©»BB14**Uffl 
IT2 0 0 MinftCDM^ v ^CC^»*r^ 0 %W\$&>^ 

v ^©«js**"r«sw«c»fffiia*ia 4 k^t. c 

©^*^ ^ 7lJli 2 5 4 5 5 ratCiim-T -2) C t CC J: 
0, fSttJB2 2^«3fc1-*LEDjR^©«a*^Lr^ 
£0 CO»JBR^B*gtt» 2 2 (D»*3W»-©*- 5 v 
^l@3Oip^i23i0WC^«$n t pSGa 



(5) 



[0 0 2 8] */cC©«W»ft*»ttSfi^1f^ r -f 7\ « 
IftlWpiGaA sfcoi>T»9JOfc*s, ©itittg 

fcz»«4S«ec«:S i . ZnO©J:^^Ifi^tfe 

>r r s& i v&mKnmwmtfij&tiix % & a *> 

7T^r*fil*xy^>ytcj:9l»*L/. nS12 1 

2 5 t piGa A s g«5 0 5 ZBf&?2> 0 

[ 0 0 3 0 ] p MG a A s S«5 0 0»PH4*«C» 

ao^^y^rsKi^u-tfjR^o^attseiBiu 20 
mmz&i&r&ictenffim 1 5&cif ? r -ytss 1 

[0 03 1] 
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[0 0 3 2 ] '<£&<D&iWl¥-m# L E Dt£06 CC^"T «fc 

<l>C<fcec«fcS. COiE«ffi6 5«cJ:0»*r-S*©5 
i04fe^C> , S5(c^TJ: ; 5^<gJgfix^:nMJi2 1#« 

[NROlMtttttlH] 

[0 3] *«WO*ffiO-Xg€rBttlBT^»b«J*a» 

[S4] btt^aw^^-© 

[05] ^qiiOtt^tfiM^ffi&Wbn^ii^? 

[06] ^©a^b^3«*»56*^©»ji*^-r« 



1 • 

2 • 
2 1 
2 2 

2 3 

3 0 

4 0 

5 0 
2 5 
5 5 



S<bW¥9ttH 
nMJI 

plGaAsli 



[0i ] 



[03] 





